Abstract. C-kit is a proto-oncogene located on the long arm of chromosome 4. Its product, CD117, is a specific immunohistochemical (IHQ) marker that is associated with response to a potent tyrosine kinase inhibitor therapy with STI-571 (Gleevec ) in chronic myelogenous leukemia and GISTs. In our study, we aimed to evaluate the expression of CD117 in glial tumors as this finding may guide therapeutic approaches for these brain tumors. Ependymomas and oligodendrogliomas, in formalin fixed and paraffin embedded blocks were assayed for CD117 immunoreactivity using anti-c-kit (CD117, DAKO). GISTs were used as positive control. We observed immunoreactivity of CD117 protein in 25.5% of tumors in both histological types. In oligodendrogliomas, there was an association between older age at diagnosis and positivity for CD117 (P = 0.039). In addition, we observed an association between higher tumor grade (grade III) and positivity for CD117 (P = 0.007). No clinical association was observed in ependymomas (P > 0.05). This study encourages further investigations, considering that CD117 may be a possible oncogenic factor in some glial tumors. In this case, tumors that express this marker may eventually benefit from a therapy with selective inhibitors of receptor kinases.
Introduction
Glial tumors represent a heterogeneous group of neoplasms [1] . These tumors are of great interest to target therapy, because they are neoplasias that are frequently resistant to the types of treatment available [2] . In this group we may remember the example of oligodendrogliomas that are rare neoplasms affecting the central nervous system (CNS) with a slow and infiltrative growth, accounting for 4-5% of primary central ner-vous system [3, 4] . These tumors arise from the oligodendrocytes that comprise the main glial cell types in the CNS, being responsible for producing the myelin that forms sheaths around axons [5] .
Ependymomas are also glial neoplasias that constitute 6% to 10% of brain tumors in children. These are the third most common histological type in this age group, and are up to 4% of brain tumors in adults [6] [7] [8] . These tumors arise from the ependymal cells lining the ventricles of the brain and the central canal of the spinal cord [9] .
C-kit is a proto-oncogene located on the long arm of chromosome 4 that encodes kit (CD117), a membrane-bound glycoprotein of type III receptor tyrosine kinase. Its ligand is the stem cell factor (SCF) [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .
The receptor tyrosine kinase, Kit, normally controls the function of melanocytes, primitive hematopoietic cells and germ cells [20] C-kit appears to play a central role in cellular proliferation and differentiation, and has been shown to be involved in the pathogenesis of several neoplasms such as lung, breast, skin, uterus, bladder and ovarian cancers, leukemias, germ cell tumors, Ewing sarcoma and gastrointestinal stromal tumors (GISTs) [1, 19, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Oncogenic c-kit mutation is found most commonly in exon 11, but gainof-function mutation of exons 9, 13, and 17 have also been reported [13, 18, [31] [32] [33] . Due to their important role in cell proliferation, apoptosis, neurotransmission and oncogenesis, protein kinases have become major targets for research [34] .
Different types of gain-of-function of c-kit including point mutations, deletions and duplications, have been documented [35] . The c-Kit activation through mutations leads to different neoplasms types, as GISTs, germ cell tumors, small cell lung carcinomas and some leukemias [17] . Gain-of-function of receptor tyrosine kinases is a widely occurring event in the progress towards cancer [20] . Mutations in c-kit were shown to result in increased tyrosine kinase activity in the absence of the ligand, as has been observed in gastrointestinal stromal tumors (GIST) [36, 37] . These alterations can result in a strong oncogenic potential [18, 33, 35, 38] . In this context, the use of a tyrosine kinase inhibitor, imatinib mesylate, leads to the onset of apoptosis and decreased proliferation, resulting in a significant increase in survival [39, 40] .
Literature about GISTs suggests that tumors that often carry activating mutations in the c-kit, probably have effective response to receptor kinase inhibitors, so, its expression may be used as a tumor marker and as a prognostic factor [41] .
Cellular resistance to antineoplastic drugs can be considered one of the biggest barriers with regard to effective treatment of malignant tumors in general [42] [43] [44] [45] . Due to this fact, protein kinases have become a new possibility in research and are becoming a target for potent new drugs that have the specific intent to inhibit these proteins [46] .
Considering the effectiveness of therapy with selective inhibitors of receptor kinases in GISTs based on the findings of positivity for CD117, the present study aimed to investigate the expression of CD117 in certain glial tumors. This expression may be used as a tumor marker as well as a therapeutical target.
Material and methods

Sample
55 (n = 55) tumors obtained from the archives of the Department of Pathology of the Universidade Federal de Ciências da Saude de Porto Alegre (UFCSPA), from patients in three neurosurgery centers in the city of Porto Alegre, Southern Brazil, in the period 1968-1997, whose anatomicopathological and IHC examination led to the diagnosis of ependymoma (n = 34) and oligodendroglioma (n = 21), according to World Health Organization criteria [47] .
Procedures
Clinical data were collected from medical records which included: sex, age at diagnosis and tumor grade.
All cases were reviewed according to the current World Health Organization criteria and by an experienced neuropathologist. Immunohistochemical analysis was performed on 4 µm-thick, formalinfixed, paraffin-embedded tissue sections using primary antibody polyclonal rabbit anti-human c-kit-CD117 (DAKO, Carpinteria, CA, USA, dilution 1:50). Tissue sections were deparaffinized, then incubated for antigen retrieval in a citrate buffer (pH 6.0) for 30 min in a water bath at 95-99
• C. After cooling (30 min), endogenous peroxidase activity was blocked by immersing the slides into H 2 O 2 5% (3 × 10 min). Subsequently, the slides were rinsed twice with phosphate buffer saline (PBS) and then incubated in a protein solution to block unspecific bindings (bovine serum albumin 1%). The rabbit polyclonal anti-human antibody c-kit (CD117, Dako) at 1:50 dilution was applied and incubated for 60 minutes. After another PBS rinsing, the histological sections were incubated with the secondary antibody (DAKO advance TM HRP link) for 30 minutes, then again rinsed with PBS and incubated with tertiary antibody (DAKO Advance TM HRP enzyme) for 30 minutes. The antigen-antibody was visualized with diamino-benzidine tetrachloride (DAB) and counterstained with hematoxylin.
GIST samples were used as control for each step. Negative control was performed by eliminating the primary antibody, which was replaced by bovine serum albumin (1%).
Immunohistochemical analysis
The stained samples were numbered and assessed by two researchers to determine: the presence (+) or ab- sence (−) of immunostaining for CD117, location (cytoplasm, membrane), the distribution of positive cells ( 10% = focal, moderate = 11-50% > 50% = diffuse) ( Table 2) . Here, we considered as absent CD117 protein expression when was not observed any reaction in the IHQ.
Statistical analysis
Statistical analysis was performed using SPSS software (version 16.0). In ependymomas the age at diagnosis was expressed as median, minimum and maximum, whereas in oligodendrogliomas it was expressed as mean ± standard deviation, according to the distribution of the variables. The association between CD117 expression and tumor grade was examined using the Fisher's exact test. CD117 expression and ependymoma age at diagnosis was evaluated with Kruskal-Wallis test, whereas for oligodendroglioma was used ANOVA test. Significance was defined as p < 0.05.
Ethics
The study was approved by the Ethical Research Committee of Universidade Federal de Ciências da Saúde de Porto Alegre, Porto Alegre, Brazil (1132/10).
Results
The study group was composed of 55 glial tumors (34 ependymomas and 21 oligodendrogliomas). The sample was composed mainly of males (n = 36, 65.53%). The median age at diagnosis was 6.5 (1-65) years in ependymomas, and the average age of 38.7 years ± 16.52 in oligodendrogliomas. Twenty-one (61.8%) ependymomas were classified as low-grade malignancy (grade II) and 13 (38.2%) classified as grade III malignancy. Eleven (52.4%) oligodendrogliomas were classified as low-grade malignancy (grade II) and 10 (47.6%) classified as anaplastic oligodendrogliomas (grade III). Grade II tumors were more frequent than grade III tumors in both histological types studied. We observed that lesions considered more aggressive were less frequent in our sample (Table 1) . Immunoreactivity for CD117 protein was observed in 25.5% of tumors distributed in both histological types, exhibiting immunoreactivity in neoplastic cells and also in tumor parenchyma ( Table 2 ). The expression of CD117 in GIST (positive control) was predominantly cytoplasmic with membranous accentuation (Fig. 1). 
CD117 expression in ependymomas
CD117 positivity was detected in 7 (20.6%) of the 34 ependymomas. Staining reveals focal cytoplasmic localization of CD117 and expression moderate in ependymal rosettes, typical feature of these tumors (Fig. 2) . There was no association between age at diagnosis (p > 0.05) and/or tumor grade (p > 0.05) and positivity for CD117.
CD117 expression in oligodendrogliomas
CD117 positivity was detected in 7 (33.3%) of the 21 oligodendrogliomas. Six (60%) anaplastic oligodendrogliomas showed cytoplasmic immunoreactivity for CD117 (Fig. 3 ). An association was observed between age at diagnosis and positivity of CD117 (p = 0.039). Higher tumor grade (grade III) was also associated with positivity of CD117 (p = 0.007). The comparison between tumor grade and CD117 positivity distribution showed that, of eleven patients with low-grade oligodendrogliomas (Grade II), only one had focal positivity. On the other hand, in ten patients with anaplastic oligodendrogliomas (Grade III), six had moderate and diffuse expression (Table 2 ).
Discussion
To date, few studies have assessed the activity of CD117 in ependymomas and oligodendrogliomas; therefore, its activity remains uncertain. The present study indicates that CD117 is moderately expressed in tumors derived from glial cells. However, we observed that in ependymomas the expression of CD117 does not seem to be directly associated with disease parameters (grade, age at diagnosis). Interestingly, we showed in our study that the evaluation of CD117 in oligodendrogliomas has an association with older age at diagnosis and disease aggressiveness. Ependymomas affect patients in all age groups; however, they are present with a bimodal distribution with a peak in the first two decades and another peak between thirty and forty years [9] . Differently, oligodendrogliomas affect mostly adults, with a peak incidence in the fifth and sixth decades of life [48] . This distribution was also observed in our group of patients so it seems to be representative.
There are really very few studies about CD117 expression and brain tumors. In 2005, Cetin et al. showed a higher expression of CD117 in anaplastic oligodendrogliomas [49] . Later on in a model experimental study involving pediatric tumors, the authors observed that the CD117 was moderately expressed in the endothelium of ependymomas [50] . In our study, the expression of CD117 was moderately detected in oligodendrogliomas and ependymomas (25.5% of global expression) and was most evident in high grade oligodendrogliomas (grade III). That data is also in accordance with what was previously described in the literature [49, 51, 52] .
The immunoreactivity of CD117 in both histological types was citoplasmatic predominantly. How kit is membrane bound receptor, the CD117 expression in both, cytoplasm and membrane, should be considered. Moreover, in the literature there are not studies concerning important differences between cytoplasmic and membrane staining in GISTs [53] .
Dehghan et al., 2010, observed CD117 immunoreactivity in 42% of gliomas evaluated. High-grade tumors had a higher proportion of CD117 expression than lowgrade ones, and the highest staining grades were found in glioblastomas, anaplastic oligodendrogliomas, and anaplastic ependymomas [54] . In contrast recent studies demonstrated that the frequency of CD117 expression was not different between the low-grade and high-grade gliomas [55, 56] . However, Mahzouni and Jafari, 2012, found that the highest percentages of CD117 stained cells were observed among high-grade tumors [56] . These results are in agreement with our findings that shown that more aggressive tumors have higher expression of CD117. Perhaps these tumors with higher malignancy may be candidates for treatment with selective inhibitors of tyrosine kinases.
C-kit has been suggested to be very important in growth and progression of various tumors, and recent studies support the view that c-kit is involved in glioma tumorigenesis [52, 57, 58] . KIT is a mediator in the activation of many downstream protein effectors, the Interaction of SCF/KIT induces several downstream signaling pathways, including PI3K/AKT and JAK/STAT cascades, which play a role in a number of cellular functions including proliferation, differentiation, cell cycle regulation and apoptosis [59] . A better understanding of signaling pathways regulated by KIT, can contribute significantly to new therapeutic strategies.
Several approaches and numerous clinical trials are currently testing the efficacy of novel therapies against malignant gliomas [60, 61] . Inhibition of tyrosine kinase receptors by synthetic small molecules has become a promising new therapy option in oncology [62] .
Novel approaches using the oral agent STI-571 (Gleevec ), a tyrosine kinase inhibitor, have shown significant responses in patients with gastrointestinal stromal tumor and chronic myelogenous leukemia based on the expression of CD117 [22] . The receptor tyrosine kinase Kit is a potential target for signal transduction therapy in many neoplasms [63] .
Our findings demonstrate that a proportion of ependymomas and oligodendrogliomas are positive for CD117 expression. Thus, we suppose that evaluation the expression of this receptor could be important, and these tumors may be potential candidates for treatment with tyrosine kinase inhibitors. However, additional analysis as by polymerase chain reaction (PCR) and/or western-blotting techniques, are necessary to confirm these findings and also clinical studies are required to evaluate the possibility of new therapeutic approaches in specific cases.
